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The perfortmance of an aerosol inoculator for human volunteers is described in
sts that used the PR8 strain of type A influenza virus and sodium ftltorescein as a

plysical tracer. Virus recovery from the aerosols was approximately 1 % and was
tvnra',ected by such variables as prolonged aerosolization, total airflow, relative

bumidity, or method of sampling. The recovery of sodium fluorescein from the aero-

sol was approximao,:iy 12% and was influenced by total airflow ratV4 and relative
littmidity. With this apparatus, it should be possible to deliver reasonably predict-
able and measurable doses of respiratory viruses to human subjects. The design
maikes it possible to dismantle the inoculator into its component parts to facilitate

In icv-nt years, there has been increasing use of tunnel. The control module (Fig. 2, B) contains anitcro-ol', for the inoculation of human volunteers air dryer, humidifier, htat exchanger, and a vacuum

in the .Ntutdy of experimental respiratory infec- pump. The aerosol module is made up of three units,
tions. A mobile laboratory exposur;., unit that The generation unit (Fig. 2, C) Includes a Collison

atomizer and an air ionizer, The second component
g•&• been widely used in these studies was de- is the aerosol tunnel unit (FI%. 2, D), and the third

'.. iri-d by Griffith (1). That unit not only in- component, desigpated"the exhaust unit (Fig 2, E),
cloded the necessary aerosol equipment but also contains the human exposure stations, two impinger
provided accessory laboratory and containment sampling ports, a humidity sensor, constant pressure
facilities for the safe handling of hazardous in- chamber, gas meters, and an mxhaust blower. One

fcctious materials. The aerosol apparatus deo impinger (C, Fig. 1) is used to sample the aerosol

•.i ir, lbh report represents an attempt to directly from the tunnel. The other impinger (13,

, (cquipmcnt for atro.il inoculat!on with Fig. 1) can be used to sample the expired air from a
ir- lr; h noardol-, infectious agents. Elimination of volunteer at station A. The expired air from each

exposure station is measured through a gas meter to
zh: accessory safety and laboratory facilities determine the total volume of aerosol inhaled by

•reafly reduced the cost of the equipment. To each volunteer. Air from all lines containing aerosol
facilitate port,,bility, the apparatus can be dis- * particles is filtered through absolute filters before

Sinto three modules. being exhausted to the atmosphrere.
Virus. The virus used to test the performance of the

aerosol equipment was the 1PR8 strain of type A
•ATERIAlS AND MFHOD)S 'inluenzJ. The test pool was prepared by harvesting

Atrosol eulpmenrt. The aerosol cf•uipment was infected allantoic fluid of embryonated hen' eggs.

i and fabricated by the fnvironmental The pool had a titer of 10U. median infectiums doses

l't,,-7arch Corp. of St. Paul, Minn. A schematic (EIDoo) per 0.1 ml for 10-day-old embryonated eggs.

di'iritm is shown in Fig. 1, and a photograph of the Physical tracer. The physical recovery of aerosols
r•quipmrnt is shown in Fig. 2. The basic aerosol was determined by adding sodium fluoresoein to the

unnel is a 6-inch (15.2 cm) stainless-steel tube 6() virus suspensions used for aerosolization. In various

inches in length (1.52 m). Aerosols are generated experiments, the concentration of sodium fluorescein

with a Colhison atomizer (2) at one end of the tunnel. used in the spray suspetuiona ranged. from 2.7 to

The human exposure ports (A and B, Fig. 1) end the 7.2 in&ml. Fluoresein •cuaentrtiotlO M ns ess-

sampling ports (C and D, Fig. 1) are located at the tured in a Turner model 110 Phlurometer witH 2A +

opposite end of the tunnel. The equipment consists 47B primary and 2A - 12 maonO fklters.

of three modules, an air supply nmodule, a control Aemeal sampFIng. The aerOsols were sampled with

module, and an aerosol module (Fig. I and 2). The either an all-glam impinger. (AOl,.or a modified
air supply module (Fig. 2 A) Contains the ompreSSTos Shipe limpinger (SI; referene 3).1 F. "tromple was
and a surge lank that supply mir to the atomizer and I rmin in duration, which is equvaleik to sampling

12.9 liters with the AGI and 10 liters'with the SI.

i P'•sent oddress; Delta Reglorl Pdmate Researdc Center, Eagle• s basal medium (lIME) withoutphenol red but
Urani trety, Cotnstlon, Li. 70433. containing 2% calf serum was used in the impisger
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ft, 1. Scheroiuc flow dhgimnq od,. aireau hec~aWao.

ft. 2. Phoftnrh~ of At am.Wd bager. (A)& Air gly meDhW, (J) Contro mM.I, (C) aeMml &WrudM
wdf, (D) aerosol handi, amd (E) ex~AaaW uni

in quantities of 20 ml for the AGl andi 10 ml for another, there was comsideambly less wvadmxoL in
the SL the physical recovery *ona In tde vimu recoy.

¶11, physial and viral recoveries awe exres d JI diffauenoe is probably attributable to the
as Percenfam Scls~tacd ff063 the ex Ietl precision4 of the flurescein aew, which is much
determined concentration an the aierosol divided by grae tMta of dwvm mthe aerosol concentration. epected baoed on thOn~n ~ uirceti x

RESULTS aerosol over a relatively boug period of time.
Overall remuey nraies Dom from severi ex ft was of Intres to determine whether prolonged

perinunts involving aerosolizatlon of nuMn Ws-u 0110w19i nD aolt er the recovesy of phys
pet. owi containing a variety of sodium firs icel parice or their biologlcal costntm. Test
cein and influenz virus concentratons are shown wer pwindb intidaties the aerosolilution
in Table 1. The mean recoovery of the soiu process and Continuing to generate an Aerosol
sitioresomi Phscl fm wa prxmtl ovar a 31-nun period. At various idntevas, im-.
12%, whereas only I1% of the vimu was recoovered. pingu samples were taken for a 1-mim period and
The dsa~rity between the recovery rate of the sake fo I)O soim Sowen d viru
physical tracer and viru is proba*l a refletion "t't Th7u results of sevral taut are Shown
of the biologca inactivation of fte viru eithe in T"bl 2. There appears to be no signficat
during the pr ces s of aerosolization or while It is change in fth mean physica or virus recovery
in the airbone mtate. Prom one aerosol tet to rates with time, When the values from fth first
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TABLE 1. Overall aerosol recovery rates There wa-3 no statistical differenze between the

Pa entrecvm two airflow Matein tertam of virus recovery.
Elpt Aorl P trCVYRelaive laslty. The moisture content of the

00. est Phyica Vius erool an e cntrlle bydirecting various
Physcal frus proportions; of the secondary air through a dryer

1 1 2.3or humidifier to obtain a desire level of humidty.
1 12.3 in two separate experiments testing four aerosols

3 14.9
4 16.9 0.29 TABLE 2. Per cent physical and viral recovery
5 12.8 0.27 from aerosols d&Ping prolonged aerosolizatloit

11 1 12.4 0.57 TimesOf Mumn percent recovery
serosohization

111 1 12.0 (mlin) PhySiCalb Virus,
2 11.9
3 12.8 1-2 11.15 0.36
4 14.0 0.57 4-5 11.14 0.77
5 12.8 2.66 7-8 12.06 0.42

10-11 11.87 0.59
IV 1 11.7 1.36 15-16 10.05 1.45

20-21 14.88 0.69
VI 1 10.4 0.61 25-26 16.06 0.91

30-31 15.56 1.95
VII 1 10.0 0.51 1______ 1___ ____

2 10.6 1.23 *Shape impinger sam.)1es were taken for 1 min
3 17.2 1.16 during the indicated intel val after aerosolization

began.
VIII 1 16.0 1.39 bMean of four tests.

*Mean of two tests.
Ix 1 9.4 1.01

2 9.6 2.32 TABLE 3. Concentration of virus and sodiuam

Mean 12.13 0.95 Alorescein In spray suspensions before
_______________I __ and after aerosolization

four sampling periods were compared with those ArslDifference in
obtained from ~he last four, there were no sta- A__ Spry _____________

tistically significaint difference. b"uq i ý:uu SOdiUM Ouo-

In each aerosol, test, samples of the spray sus- -____ ____ ____

pension in the atomizer were taken immediately 6 0.4 0
before and after aerosolization. These samples 2 6 0 0.7
wer assayed for both sodium fluorescein and 3 6 0 0.5
virus content. The intervals of aeroslization 4 7 -0.2 0.2
ranged from 6 to 51 min. The results (Table 3) 5 7 0.2 0.6
showed no significant increase in viru concen- 6 8 0.4 0.2
tration over the time periods tested. There was, 7 16 0.1 1.3
however, an increase in fluorescein concentration 8 20 0 1.8
as a result of proloniged atomization. The in392 0. 0.9
creased concentration of fluorescein with atmi 10 31 0.8 1.2
ration for 16 min or longer was significantly 12 32 0.2 2.3
higher than that sew with less than8 nun. 13 32 0.1 1.8

T@Walahsw. The airlow through the aerosol 14 48 -0.2 2.7
inoculator can be varied by reglating:the flow of 15 51 0.8 1.5
secondary air that is used to mix with the aerosol. -
Aerosol recovery determninations were mad by EID&, per 0.1 ml (concentration before minus
uang 200 and 100 loen per nun seondary air_ concentration after). Values obtained from 8 min
flows, giving total airflow rates of 208 and 108 or less were not significantly (5% level) different

from those from 16 min or greater.
liters Pet min, reFuectiv*y The mean Pe cet b Miligrams per milliliter (concentration before
recovery values are iven in Table 4. Physical minus concentration after). Values obtained from
recovery at the 106 liters Per nin aRfOw was 8 min or less were significantly (1% level) lower
signifcantiv higher than at 20B liters per mn.n than those obtained f~rom 16 min or greater.
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TAM.L 4. Efect of total airflow on physical TABE 6. Comparison of Shipe and all-glass
and viral recovery percentages implagers as aerosol samplers

Mean Per cent recovery Mean per cent recovery

(irm ) Physical V Phycal v

208 l.96- 3.62& Shipe .............. 11.37- 0.52'
108 14.74o 1.0(0 All-glass ........... 10.53a 0.50'

* Statistically different at the 5% level by F-test * Not significantly different at the 5% level.
analysis. Not significantly different at the 5% level.

SNot statistically different at the 5% level.

TABLE 7. Phyjical recorcry of aerosols after
TABLE 5. Elect of relative tumidity (RH) on removal of the baffle cylinder from

physical and viral recovery percentages the Collison atomizer

Mean per cent recovery Aerosol test Mean per cent recovery

Me.) Physical Virus 1 19.2
2 19.1

20-21 9.84, 3.01: 3 12.8
50 12.40b 1.71" 5 14.4
77-98 9.12 1.69' 6 15.5

Overall mean 16.33
* Not significantly different at the 5% ievel.
'Signifi•4ntly different at the 1% level.
* Not significantly different at the 5o level. 12.13% (Table 1) obtained with the baffle in

place.
at each relative humidity (RH), physical tracer
and viral recovery values were determined for DISC ON
20, 50, and 70% RH. The results in Table 5 The aerosol equipment described in this study
showed no effect of humidity on virus recovery, meets tLe basic requirements for use as an aerosol
but significantly more fluorescein dye was re- inoculator for the study of human respiratory
covered at 50% RH than at either extreme. disease. The average recovery from aerosols of

Coreuparh of m11ers. In two experiments the physical tracer, sodium fluorescein, was
involving four aerosols each, the sampling caps- 12%. The average recovery of virus was only 1%,
bility of an SI was compared with that of Porton- suggesting biological inactivation of the virus
type AGI. The results given in Table 6 showed in the aermsols. Because the virus assay was less
no significant differences in the physical tracer precise then the assay of fluorescein, there
or viral recovery of aerosols by the two impingers. was a much highler vriance in the virus recovery

Oder mlmbes. Other factors that were con- percentages than in the physical recovery per-
sidered in these experiments included the effect centages.
of the ionizer and the volume of fluid used in Within the limits of the tests included in this
the impinger. The ionizer was included in the study, virus recovery was unaffected by such
design to help counteract aggregation or precipi- variables as: (i) prolongation of aerosolization,
tation by static electrical forces. Operation of (ii) total airflow, (iii) RH, or (iv) type of im-
the apparatus with the ionizer on or off did not pinger used. Total airflow rate and RH did in-
influence aerosol recovery. fluence physical recovery percentags.

The sampling efficiency of toe SI was tested Aerosolization for periods of 16 min or longer
with 10 or 5 ml of impinger fluid. The volume of from the same spray suspension resulted in an
the fluid in the impinger had no influence on increased concentration of fluorescein in the
the recovery of either fluorescein or virus, suspension. This might be expected because of

All of the above tests were done with a Collison diluent evaporation that takes place in the
atomizer that had an internal baffle cylinder in Collison, a reflwx-type atomizer Although a
place. In an attempt to increase aerosol recovery, similar trend in concentration was seen with the
a second series of tests was conducted with the virus, a statistically significant difference was not
beffle cylinder removed. In these tests, the aver- noted, probably because of the high variance in
age recovery of fluorescein was 16.33% (Table 7). the observation. Removal of the baffle cylinder
This recovery was significantly higher than the tram the atomizer increased the physical recovery
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from the aarosoL Virus reonvery was not tested another. Variables such a vota airflow and
in these experiments but it can be expected that hum~idiy can be readil controlled and measured.
similar incrases in viru recovery would be The apparatus is equipped to mete the volume
fonal. of sir expelled by t'P volunteer during expoure,

Baed on the overall virus recovery values given and it Is even possible to sample the expre air
in Table 1, It was possible to calculate human to determine quantity of inoculum that is ex-
doses that would have been presented under haled and, therefore, estimate the retained dose.
simfil conditions of exposure. These calculations
showed that, if an expeimenter attempted to ACKNOWLIEDGM3WiM
deliver a dose of 100 IDis, the actual values would We Thank Bloyd Yatm; for tadmlcu awIanae and Lowell
vary from 12 to 277 (75% tolerance limits and Mamoow far the powtoraft.
0.95 confdence). The mean human dose would ThI k¶nW1Idanuio was supportd by vimn RR40330 froum

faillbetwee 62.5 and 149 (0.95 confidence) .Tb the awedal Rsarcht Centers Branch, Nai.oeal hutitutus 'it

domes w=ei onwIed to be no liy distributed itHadd Nth, Bhmia, Md.

the square root transfrm, and the above eta- LrnE.ATURE CrrZD
tistics were calculated from the tra~dnsfrmd L. Orfidh. W. R. IM.1 A mo"Il laboratory unit for exposure,
Values Sad deo-ned to the original scale. or animak and human volunteers to bamtrial and vrim'

With this aerotAu equipment, it should be poe- afoos Amer. Pev. Rasp. Jib. U"t240-249.
sible to deliver reasonabl predictable domes of I Hedrsn D. W. 19M2 An apparatus for the study of air

boninfe hcdao. J. Hyg. 5:5-ES.viruses to humamn sub~jects. The apparatus Can 3. Pu Helt Monograph No. 60.1909. Samplfn nmksabio-be convenienftl moved from one location to In"os Uwmi. S. Publuc Health Serndae, no. 656.
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